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ATP  ? adenosine 5’-triphosphate  
BSA  ? bovine serum albumin 
DAPI  ? 4 ,6 -diamidino-2-phenylindole 
DTT  ? dithiothreitol 
EDTA  ? ethylenediaminetetraacetic acid 
FITC  ? fluorescein isothiocyanate 
IPTG  ? isopropyl--D-thiogalactopyranoside 
MMC  ? mitomycin C 
Ni-NTA  ? nickel-nitrilotriacetic acid 
OD  ? optical density 
PMSF  ? phenylmethylsulfonyl fluoride 
SDS  ? sodium dodecyl sulfate 
SDS-PAGE ? SDS-polyacrylamide gel electrophoresis 
Tris  ? Tris hydroxymethyl aminomethane 
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??BL21 (DE3) codon plus-RP?STRATAGENE???????????????EVL?
N????His6???thrombin protease?GE Healthcare Bio-Science??????????
????????????????????????????????????
100µg/ml????????? 35µg/ml????????????????LB?? 10 l?
????30??OD600= 0.7?0.8?????????????IPTG?????? mM?
????????18???????????????? 7,741?g?4?? 4?????
? 20??????????????????A?????  [20 mM potassium phosphate 
(pH 8.5), 10% glycerol, 700 mM NaCl, 10 mM imidazole, 5 mM 2-mercaptoethanol] ?????
???????????????????????????? 27,216?g?4?? 20?
?????????????? 8 ml?Ni-NTA??????Qiagen??????4???
?????????His6????EVL????????His-EVL??????????
????????? 80 ml?B????? [30 mM imidazole???A????????
???] ?????190?g?4?? 5????????????????????? 80 ml
?C????? [60 mM imidazole???A???????????] ?80 ml?B????
??????????????????????????????(BIO-RAD)????
????? 300 ml?D????? [100 mM NaCl???B???????????] ??
???30?300 mM imidazole????????????His-EVL??????His-EVL?
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 ??
mM potassium phosphate (pH 8.5), 10% glycerol, 100 mM NaCl, 5 mM 2-mercaptoethanol] ?
?????? 10 ml?Hydroxyapatite????BIO-RAD???????4???????
?????His-EVL?Hydroxyapatite????????????80 ml?G????? [20 
mM potassium phosphate (pH8.5)???F???????????] ??????????
?????????????300 ml?H????? [225 mM NaCl???F??????
?????] ?????225?1000 mM NaCl??10?300 mM potassium phosphate (pH8.5)
????????????His-EVL??????His-EVL??????SDS-PAGE???
?????????????His-EVL 1 mg??? 5.5?????thrombin protease?GE 
Healthcare Bio-Science??????4 l?J????? [200 mM NaCl???G?????
??????] ????????SDS-PAGE???His6???????????????
?????????????Superdex200????????HiLoad 26/60 prep grade, GE 
Healthcare????????????????EVL? 2 ???K?????[20 mM 
potassium phosphate (pH 8.5), 10% glycerol, 5 mM 2-mercaptoethanol]????MonoS???
??GE Healthcare???????67?300 mM NaCl????????????????
?????L????? [20 mM HEPES-NaOH (pH7.3), 30% glycerol, 100 mM NaCl, 5 
mM 2-mercaptoethanol]????????-80??????? 
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? 5’-GGG CAT ATG GCC ACA AGT GAA CAG AGT ATC TGC CAA GCC C-3’ 
? 5’-GGA TCC TTA GGA GCT CTC GTC GTG GCT GG-3’ 
EVL(222-418)????? 
? 5’-CAT ATG TCA GGA CTG GCC GCT GC-3’ 
? 5’-GGA TCC TTA CGT GGT GCT GAT CC -3’ 
????? 
? ????????? pET15b-EVL(1-221)?? pET15b-EVL(222-418)???????
BL21 (DE3) codon plus-RP????????????????????? EVL????
??????EVL(1-221)??????Hydroxyapatite?????MonoS???????
?????????????????????????? 
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? RAD51B?????????? 55????????RAD51B????????pET15-b
??????????????JM109 (DE3) codon plus-RIL?STRATAGENE?????
???????EVL???????????10 l?LB???????????????
?????A?????  [50 mM sodium phosphate (pH 6.7), 10% glycerol, 300 mM NaCl, 
5 mM imidazole, 2 mM 2-mercaptoethanol] ?????????????????????
?????????? 27,216?g?4?? 20????????????? 5 ml?Probond
????invitrogen??????4????????????His6????RAD51B???
?????His-RAD51B?????????????????????????150 ml
 ??
?B????? [60 mM imidazole???A???????????] ??????60?
400 mM imidazole????????????His-RAD51B?????His-RAD51B???
???SDS-PAGE????????????His-RAD51B 1 mg??? 15 ?????
thrombin protease?????4 l?D????? [20 mM sodium phosphate (pH 7.2), 10% 
glycerol, 100 mM NaCl, 5 mM DTT, 0.1 mM EDTA 2Na] ????????SDS-PAGE??
?His6??????????????? 0.5 mM??????PMSF?????????
thrombin protease??????????Heparin Sepharose CL-6B?GE Healthcare?7 ml?
???????????D???????????????????????????
???70 ml?D??????????0.1?1.5 M NaCl????????????Rad51B
???????????SDS-PAGE????????? 4 l?D???????????
???????????????????D???????????MonoQ????GE 
Healthcare??????100?300 mM NaCl????????????????????
?RAD51B?E????? [20 mM HEPES-NaOH (pH7.3), 30% glycerol, 90 mM NaCl, 2 
mM 2-mercaptoethanol, 0.05% Triton X-100, 2 mM ammonium salfate, 0.1 mM EDTA] ??
??????-80??????? 
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? RAD51?????????? 69????????RAD51????????pET15-b
??????????????JM109 (DE3) codon plus-RIL???????????EVL
???????????5 l?LB????????????????IPTG???? 30?
????????????????A?????  [50 mM Tris-HCl (pH 8.0), 10% glycerol, 
500 mM NaCl, 5 mM imidazole, 5 mM 2-mercaptoethanol] ??????????????
 ??
????????????????? 27216?g?4?? 20 ????????????
? 5 ml?Ni-NTA??????????4????????????His6????RAD51
????????His-RAD51?????????????????????????250 
ml?B????? [60 mM imidazole???A???????????] ??????60
?500 mM imidazole????????????His-RAD51?????His-RAD51???
???SDS-PAGE????????????His-RAD51 1 mg??? 2?????thrombin 
protease?????4 l?C????? [50 mM Tris-HCl (pH 8.0), 10% glycerol, 200 mM KCl, 
2 mM 2-mercaptoethanol, 0.25 mM EDTA] ????????SDS-PAGE???His6???
??????????????? 1 l?D????? [100 mM Tris-acetate (pH 7.5), 5% 
glycerol, 7 mM spermidine HCl] ????????27216?g?4?? 20????????
?????????E????? [100 mM potassium phosphate (pH 7.0), 10% glycerol, 150 
mM NaCl, 1 mM EDTA, 2 mM 2-mercaptoethanol] ??????????RAD51?C??
?????????MonoQ????????200?600 mM KCl???????????
??????????RAD51?F????? [20 mM HEPES-NaOH (pH7.5), 10% glycerol, 
150 mM NaCl, 2 mM 2-mercaptoethanol, 0.1 mM EDTA] ????????-80??????? 
 
?-?-??RPA??? 
? RPA????????????? 70??????p11d-tRPA?????????BL21 
(DE3) codon plus-RIL (Stratagene) ????????100 µg/ml ????????? 35 
µg/ml ?????????????? 10 l?2.5 l ?4??TB????????????
??????37???????????????OD600? 0.7?0.8 ?????????
??IPTG?????? 0.4 mM???????????????37?? 2??????
 ??
????? 7,741?g?4?? 4?????? 20??????????????????
50 ml?A????? [30 mM HEPES-KOH (pH 7.8), 10% glycerol, 1 mM DTT, 0.25 mM 
EDTA, 0.25% inositol, 0.01% NP-40] ?????-80?????????????????
???????????????????????????? 27,216?g?4?? 20?
??????????A???????????Affi-Gel Blue????Bio-Rad????
???50 mM KCl?100 ml??0.8 M KCl?100 ml??0.5 M NaSCN?150 ml????A??
??????????1.5M NaSCN??? 80 ml?A????????RPA??????
RPA??????SDS-PAGE???????????????? 4 l?B????? [25 
mM Tris-HCl bufffer (pH 7.5), 50 mM KCl, 10% glycerol, 1 mM DTT, 0.01% TritonX-100] ?
????????????????? 17,300?g?4?? 15 ????????????
????B??????????? 9 ml?Hydroxyapatite?????????100 ml?C
????? [20 mM potassium phosphate (pH 7.5), 10% glycerol, 1 mM DTT, 0.01% 
TritonX-100] ?????20 mM ?? 300 mM potassium phosphate??????????
??RPA??????RPA??????SDS-PAGE???????????????? 2 
l?B???????????????????????B???????????
MonoQ????????10 ml?B???????????50 mM ?? 400 mM KCl??
??????????????RPA? 2 l?D????? [20 mM Tris-HCl (pH 7.5), 50 
mM KCl, 10% glycerol, 1 mM DTT] ????????-80??????? 
 
?-??DNA?? 
? ??????? DNA ??????????????? DNA ??????????
???????????????? 
 ??
 ?φX174????DNA?φX174?????DNA?φX174??????DNA 
? φX174????DNA??????????????5386????????DNA????
φX174?????DNA? ?????????????5386??????????DNA
????????DNA?New England Biolabs????????????TE?????
?10 mM Tris-HCL, 0.1 mM EDTA???????????????????φX174??
????DNA??φX174?????DNA?PstI????????????????
 
?oligo DNA 
? ?????????oligo DNA????????????????????D-loop?
???????oligo DNA?50-mer?????????? 
5’ -GGA ATT CGG TAT TCC CAG GCG GTC TCC CAT CCA AGT ACT AAC CGA 
GCC CT-3’ 
?????
? ??DNA???????????????oligo DNA?49-mer???????????
5’–GTC CCA GGC CAT TAC AGA TCA ATC CTG AGC ATG TTT ACC AAG CGC ATT G-3’ 
???????DNA 
5’-CAA TGC GCT TGG TAA ACA TGC TCA GGA TTG ATC TGT AAT GGC CTG 
GGA C-3’ 
?????
? oligo DNA???homologous pairing????????DNA???63-mer???? 
5’-TCC TTT TGA TAA GAG GTC ATT TTT GCG GAT GGC TTA GAG CTT AAT TGC 
 ??
TGA ATC TGG TGC TGT-3’ 
32-mer???? 
5’-CCA TCC GCA AAA ATG ACC TCT TAT CAA AAG GA-3 ; 
??????DNA 
5’-TCC TTT TGA TAA GAG GTC ATT TTT GCG GAT GG-3’ 
???? 
 
???????????? DNA 
? D-loop???????????????????DNA??????????????
?????????????????????????????DNA??pBluescript II 
SK(+)?????? 5S rRNA????207????? 11???pB5Sarray DNA????71??
???pB5Sarray DNA????DH5α?TOYOBO?????????100 µg/ml?????
?????LB?? 2 ml? 37??8????????????? 4 µl? 100 µg/ml???
?????? 500 ml ?LB???????16??????????? 6,000?g?4??
10???????????? 40 ml?M9????? [1 mg/ml NH4Cl, 3 mg/ml KH2PO4, 
6 mg/ml Na2HPO4] ?????????????????? 40 ml?TES????? [50 
mM Tris-HCl (pH 8.0), 1 mM EDTA, 10% sucrose] ??????5 mg/ml????????
?? 4 ml???????? 10 ???????????? 0.1%??????
N-laurosyl-sarcosine????????????????92,560?g? 4?? 1?????
??????????????????????????????9,100?g?4?? 20
???????????????????????5M NaCl??????? 10 ?? 1
???????????????? 2.5???????-30?????????9,100?g?
 ??
4?? 30 ??????????????????????????????? 1 ml?
TE????? [10 mM Tris-HCl (pH 8.0), 0.1 mM EDTA] ?????10 mg/ml?RNaseA 
? 80 µl????37?? 1??????????????9,100?g?4?? 5?????
?????? 0.22 µm????????????????????????? 5?20%
?????????? 30 ml ???????98,600?g?20?? 16?????????
???????????????????????1%??????????????
??????DNA???????????????????????????DNA? 1 
l? TE????????? 16??????? 
 
?-??Affi-Gel 10 ?????? EVL? RAD51?? Rad51B???
??? 
? ???? 20 µM? EVL 200 µl? 100 µl? Affi-Gel 10????BIO-RAD??????
4?????????????????????1 M ethanolamine (pH8.0) 50 µl????
4?? 4 ???????????????????????????????????
??????? 500 µl???????? [20 mM HEPES-NaOH (pH7.3), 30% glycerol, 
100 mM NaCl, 5 mM 2-mercaptoethanol, 0.05% Triton X-100] ????????100?g?4?
? 5 ????????????????????? 2 ??????????????
EVL????????????? EVL?????????????????????
????????????????????????????????? 
? EVL??? 15 µl??????? 2 mg? HeLa ????????????4?? 2?
??????????????HeLa?????????HeLa??? Lysis????? 
[50mM potassium phosphate (pH 7.5), 100 mM NaCl, 5 mM EDTA, 0.5% Nonidet P-40, 
 ??
protease inhibitor mixture (Nacalai Tesque)] ????????????????????
??????????????????? EVL???? Lysis???????? 3??
???????? 20 µl? 2?SDS?????  [100 mM Tris-HCl (pH6.8), 20% glycerol, 
4% SDS, 0.2% bromophenolblue, 200 mM 2-mercaptoethanol]????100?? 5?????
???????????????????????????????????????
??? 2 ????????? 12% SDS-PAGE ???????? RAD51 ?????
RAD51B???????????????????EVL? RAD51?? RAD51B???
???????? 
 
?-??Ni-NTA???????????? 
? His-EVL?0.45 µM??RAD51?0.5?2 µM?????RAD51B?0.5?2 µM??????
???30???????????????????????1.5 µl?Ni-NTA?????
???????30???????????????Ni-NTA??????His-EVL???
????????????100 µl???????? [20mM HEPES-NaOH (pH 7.3), 30% 
glycerol, 90 mM NaCl, 0.1 mM EDTA, 0.05% TritonX-100, 2 mM ammonium sulfate, 2 mM 
2-mercaptoethanol, 5 mM imidazole] ?2??????Ni-NTA????????????
????10 µl???????? [14 mM HEPES-NaOH (pH 7.3), 21% glycerol, 100 mM 
NaCl, 3.5 mM 2-mercaptoethanol, 300 mM imidazole] ?????12% SDS-PAGE????
????His-EVL?EVL????????????????????????????
?? 
? EVL???????????????EVL?? EVL(1-221)?EVL(222-418)????
?2 µM?? RAD51???? RAD51B?2µM?????????? 
 ??
 ?-??????????????? EVL?????????? 
????????? 
? EVL??????????????????????????????Biacore?GE 
Healthcare??????????????????????Biacore ??????? CM5
??????????????????????????????????????
???????????? EVL???????????????Biacore???????
????????? EVL?????? RAD51 ?RAD51B?? DMC1???????
???????????????????? BSA?Roche??????1 µM ? BSA?
DMC1?RAD51 ?? RAD51B????? 5???????????????????
???????? [20 mM HEPES (pH7.3), 5% glycerol, 150 mM NaCl , 2 mM ammonium 
sulfate, 0.05% TritonX-100] ?????EVL????????????????????
???????????????1 [5 M guanidine hydrochloride]???????2 [20 mM?
citric acid (pH2.65)] ?????????3 [20 mM HEPES (pH7.3), 0.05% TritonX-100] ?
3????? 1????????????????? 
 
?-???????????? 
? EVL?DNA????????????????????????????φX174??
??DNA 20 µM?????φX174??????DNA 20 µM?EVL??????????
??? [36 mM HEPES-NaOH (pH 7.5), 1 mM dithiothreitol, 4 mM 2-mercaptoethanol, 80 
mM NaCl, 1 mM MgCl2, 24% glycerol, and 0.1 mg/ml BSA] ??????37??15????
???????0.8% ????????SeaKem HGT Agarose, CAMBREX??3.3 V/cm?
 ??
2???????????0.5 µg/ml ????????????10??????????
????1?TAE????? [40 mM Tris-acetate, 1 mM EDTA]????????????
??????????DNA?UV?????????
? ??? DNA ????????????????φX174 ???? DNA 20 µM ??
φX174?????? DNA 20 µM????????? 
 
?-??D-loop????? 
? RAD51?EVL? 8 µl?????? [26mM HEPES-NaOH (pH 7.5), 40mM NaCl, 0.02 
mM EDTA, 0.9 mM 2-mercaptoethanol, 5% glycerol, 1 mM MgCl2, 1 mM DTT, 2 mM 
AMPPNP, 0.1 mg/ml BSA] ? 37??5????????????????????? 5’
???32P????oligo DNA (50-mer, ???? 1 µM) 1 µl??????? 5?????
?????????????1 µl?pB5Sarray???????DNA?30 µM??? 1 µl MgCl2
?9 mM??????????????37?? 30????????????????2 µl
?Stop Solution [0.2% SDS and 1.5 mg/ml proteinase K (Roche)] ????37?? 15???
????????????????????????? 1%????????1?TAE?
??? 3.3 V/cm????? 2.5??????????????????????????
????????????????????????FLA-7000 ??????????
?? (Fujifilm) ????????????????Image Gauge??????????? 
?-??oligo DNA??? homologous pairing????? 
? RAD51??EVL? 63-mer ???DNA? 9 µl?????? [28 mM HEPES-NaOH (pH 
7.5), 50 mM NaCl, 1 mM ATP, 1 mM DTT, 0.1 mg/ml BSA, 1 mM MgCl2, 1 mM CaCl2, 0.02 
mM EDTA, 1.4 mM 2-mercaptoethanol, 20 mM creatine phosphate, 75 µg/ml creatine kinase, 
 ??
8% glycerol] ? 37??10????????????????????? 32-mer???
?DNA (1.5 µM) 1 µl?????????????37?? 30????????????
????2 µl?Stop Solution????37?? 10??????????????????
?????????? 15%????????????0.5?TBE???? 10 V/cm???
?? 5????????????????????????????????????
???????????????????????D-loop??????????? 
 
?-??strand exchange????? 
? RAD51?1 µM??RPA?1 µM???EVL? 8 µl?????? [28 mM HEPES-NaOH (pH 
7.5), 2.5 mM Tris-HCl (pH 7.5), 49 mM NaCl, 5 mM KCl, 0.03 mM EDTA, 1.1 mM 
2-mercaptoethanol, 9% glycerol, 0.2 mM ammonium sulfate, 0.005% Triton X-100, 1 mM 
MgCl2, 1 mM CaCl2, 1.1 mM DTT, 1 mM ATP, 0.1 mg/ml BSA, 20 mM creatine phosphate, 75 
µg/ml creatine kinase] ?RAD51B???????????? 30??10????????
?????????? 1 µl?φX174????DNA?20 µM?????30?? 10???
?????????1 µl?φX174??????DNA?20 µM????????????
??30?? 30??????????????? 2 µl?Stop Solution????30?? 20
???????????????????????????? 1%????????1
?TAE???? 3.3 V/cm????? 4??????????????????????
?SYBER Gold (Invitrogen) ????????????????????????? 
LAS-4000 IR multi color (Fujifilm)?????????????????????Image 
Gauge??????????? 
 
 ??
?-???DNA??????????? 
? 49-mer???DNA?0.2 µM??EVL? 9 µl?????? [28 mM HEPES-NaOH (pH 7.5), 
50 mM NaCl, 2 mM 2-mercaptoethanol, 12% glycerol, 0.1 mM MgCl2, 1 mM DTT, 0.1 mg/ml 
BSA] ? 30??5????????????RAD51B?????????EVL??RAD51B
? 8 µl??????  [28 mM HEPES-NaOH (pH 7.5), 38 mM NaCl, 1.4 mM 
2-mercaptoethanol, 12% glycerol, 0.4 mM ammonium sulfate, 0.01% Triton X-100, 1 mM 
MgCl2, 1 mM DTT, 1mM ATP, 0.1 mg/ml BSA] ????DNA??????? 30??10?
???????????????DNA?????????? 49-mer???DNA?0.2 
µM??????????????????????? 2 µl?Stop Solution????30?
? 10???????????????????????????? 10% ??????
??????0.5?TBE???? 10 V/cm?????????????????????
???????????????????????????????????????
????D-loop??????????? 
 
?-????? 
? ? EVL???????????????? RAD51B???????????????
??????????? EVL??????? RAD51B??????????????
????????MBL????????? RAD51??? Calbiochem (anti-RAD51 Ab-1 
rabbit polyclonal antibody) ???? CDK2??? Santa Cruz Biotechnology (Anti-Cdk2 M2 
rabbit polyclonal antibody) ????????????? 
 
?-???????????? 
 ??
? EVL??RAD51B?????????????siRNA?small interference RNA????
???siRNA???????BLOCK-iTTM RNAi Designer (Invitrogen) ????????
?????StealthTM RNAi siRNA???Invitrogen????????EVL????siRNA
??? 
5’-CCA GUA AGA AAU GGG UAC CAA UCA A-3’  
??RAD51B???? siRNA??? 
5’-GAG GUG UCC AUG AAC UUC UAU GUA U-3’ 
????????? siRNA???EVL???? siRNA?????????? 
5’-CCA AGA AGU AAA UGG AAC CUU GCA A-3’ 
????? 
? siRNA??????DharmaFECT (Dharmacon) ?????15 µl? siRNA (20 µM)? 185 
µl????????Dulbecco’s modified Eagle’s medium????????? 5????
??????????2 µl? DharmaFECT 4 Transfection Reagent ?Dharmacon?? 198 µl
??????????????? 5???????????????????????
????? 20???????????2 ml????????37?? 48???????
????? 
 
?-????????????? 
?-??-???????????? 
? HeLa??????MCF7??? Lysis?????[50mM potassium phosphate (pH 7.5), 
100 mM NaCl, 5 mM EDTA, 0.5% Nonidet P-40, protease inhibitor mixture (Nacalai Tesque)]
???????? 30 ????????????????????20,400?g?4?? 5
 ??
??????????????????????????? 
 
?-??-?????????????
? 2-13-1???????????????????SDS-PAGE???????????
????? PVDF?polyvinylidene difluoride???????GE Healthcare??????5% 
????????? TBS-T [20 mM Tris-HCl (pH7.6), 137 mM NaCl, 0.1% Tween 20] ??
?????? 1 ????????????????????????????? EVL
???? RAD51B???? CDK2??????? 1 µg/ml?????? TBS-T???
????????? 1?????????????? TBS-T??? 30??????TBS-T
????????? HRP?horseradish peroxidase?????????? 1??????
??TBS-T??? 30??????ECL Western blotting detection reagent?GE Healthcare?
????????????????? 
 
?-???RAD51????? 
? ??????????????????MCF7 ??????HeLa??? 8 Gy???
? 20 Gy?????????2????2 ml?PBS [2.7 mM KCl, 136.9 mM NaCl, 8.1 mM 
Na2HPO4, 1.5 mM KH2PO4] ? 3?????1 ml? 4% ???????????????
??? 10???????????????1 ml?PBS?????1 ml?Permeabilization
????? [0.5% Triton X-100?? 0.1% SDS???PBS??]?????? 10????
?????????1 ml?PBS?????1% BSA???PBS???????????
RAD51 ????????????????37?? 1 ????????????1 ml?
PBS? 3 ?????1% BSA???PBS???????????????????FITC
 ??
??????IgG?????????????????37?? 30????????1 ml
?PBS??? 3?????????DAPI???????????????????MMC
?????????????MCF7 ???MMC???0.8 µg/ml?? 37??1 ????
??PBS?????????? 24?????????????? 
 
?-???MMC????????? 
? MCF7???MMC???0.2 µg/ml???? 0.5 µg/ml?? 1??????PBS? 3?
?????????60-mm ????? 1???? 2?103?????????37?? 12
??????????????????????????MMC??????????
????? 
 
 
 ??
???? ???? 
?-??EVL???????????? 
?-?-??EVL??????????RAD51 ??????? 
? RAD51B???????????????????????cDNA????????
?????????????????????????????????73?????
????????????????30???????EVL?????????????
?????EVL???????????DNA????????????????????
??????EVL??????????????????RAD51B??RAD51?DNA?
?????????????????????????????????EVL????
?????????????????????????EVL????????????
??EVL??????????siRNA???MCF7??????????EVL????
????????siRNA??????????????????????????10%
????????Figure 4A?????RAD51B??????????siRNA??????
?MCF7?????RAD51B?????20%????????Figure 4A????????
????RAD51?DNA???????????????????????8 Gy???
?????2?????????????RAD51????????????Figure 4B??
????????????????????????1?????10????????
??????????RAD51????????????????????siRNA???
??????????????????????Figure 4C????????10????
?????????????DNA??????????????10????????
?????????????Figure 4C????????????????????RAD51
????????????siRNA?????????????58%?????????
 ??
???55%?EVL???????????44%?RAD51B???????????36%
?????????????????????????EVL????????????
?????????????RAD51??????????????????????
????Figure 4B, C???????????????????RAD51B???????
?????????RAD51????????????????20 Gy????????
?????RAD51????????????siRNA?????????????54%?
???????????54%?EVL???????????36%?RAD51B?????
??????23%???????????EVL????????????RAD51???
????????????????????Figure 4D??????DNA??????
MMC????????????????RAD51????????????siRNA??
???????????51%????????????48%?EVL?????????
??35%?RAD51B???????????21%????EVL???????????
?RAD51?????????????????Figure 4E????????????EVL
?RAD51B????????????????RAD51???????????????
??????? 
 
 
 
 
 
 
 
 ??
  
 
 ??
?-?-??EVL??????????MMC????? 
? ??????MMC????DNA????????????????????????
EVL??????????RAD51B??????????????????????
?????Figure 5A???????EVL????????????????????
siRNA?????????????????MMC????????????????
????????RAD51B?????????????????????????
RAD51B??????????????EVL??????????MMC??????
??????????EVL????????????????????????EVL?
??????????????????????????????MENA??VASP?
??????????????????????EVL???????????????
????????????????????????????????? 
 
?-?-???????????EVL??? 
? ?????????????EVL?????????????????????
?Figure 5B???????MCF7???????Jurkat????????U937??????
??????EVL????????HeLa????????????????????
??????????????RPE?????????HT1080?????????T47D
???????HepG2?????????HCT116???????????????EVL
??????????????????RAD51B?????????????????
??????????????RAD51B?????????????????????
???EVL??????????????????????????????????
??EVL???????????????????????????????????
 ??
???EVL?RAD51?RAD51B????????DNA???????????????
??????????????DNA?????????????????????EVL
???????????????????????????????????????
???????????? 
 
 
 
 
 
 
 
 
 ??
?-??EVL??? 
? ???????????EVL?????????????????????????
EVL?RAD51B?????RAD51 ???????????????????????
?????????EVL????????????????????????????
EVL??????????????????????????????EVL?????
???????????Figure 6A, B????EVL????????pET15-b??????
???????????????N???His6??????????????????
?????EVL???????Figure 6B??Ni-NTA????????????????
Hydroxyapatite???????????????thrombin protease???His6?????
??Superdex200 ???????????????????????MonoS?????
?????????????????SDS-PAGE?????????????????
???????EVL?????????????Figure 6B?? 
 
?-??EVL? RAD51?? RAD51B????????? 
?-?-??EVL???????????RAD51??RAD51B?????? 
? ????EVL?????RAD51??RAD51B???????????EVL?Affi-Gel 10
??????????EVL???????EVL????HeLa??????????EVL
?????RAD51??RAD51B???????????EVL????????????
?????????????????????????????RAD51??????
?Figure 7A, lane 2????????RAD51B???????????EVL??????
??????????????RAD51B??????????Figure 7B???????
????EVL?RAD51??RAD51B?????????????????? 
 ??
  
 
 
 
 
 
 
 
 
 
 ??
 ??
?-?-???????????????EVL?????????????? 
????? 
? 3-3-1????????????EVL?????RAD51??RAD51B????????
???????????????????????????????????????
???????????????????????????????????????
????????????????????????Biacore????????????
????????????????????EVL??????RAD51?RAD51B?DMC1
??BSA????????????????EVL?RAD51??RAD51B???????
???????????Figure 7C?????EVL??RAD51????????????
??????DMC1??????????????????????????????
????BSA??EVL????????????????????EVL?RAD51??
RAD51B?????????????????????? 
 
?-?-??Ni-NTA????????EVL?RAD51??RAD51B?????? 
? EVL?RAD51??RAD51B??????????????????Ni-NTA?????
??????????????????????????His6???????EVL?
Ni-NTA????????????????Affi-Gel 10???????????????
???????RAD51??RAD51B?????EVL????????????????
???Ni-NTA??????????????????????????EVL?RAD51
??RAD51B????????????????Figure 7D, E??????RAD51??
RAD51B??????????EVL : RAD51 ?? EVL : RAD51B ??????2.4 : 1 ?
? 1.4 : 1 ???????????Figure 7D, E, lane 7?? 
 ??
?-??EVL???? RAD51???????????? 
?-?-??EVL???RAD51???DNA?????????? 
? EVL?RAD51??????????????????EVL?RAD51????????
????????????????????D-loop????????EVL?RAD51??
?????DNA??????????????????Figure 8A??D-loop?????
??RAD51????50-mer???DNA????DNA?????????DNA????
??????DNA????????D-loop????????Figure 8B?lanes 2-4???
??????EVL????????D-loop?????????????RAD51?EVL?
??????EVL???????D-loop????????????????????
RAD51????D-loop??????????RAD51?EVL?????????????
??3.5?D-loop???????????Figure 8B, C???????????EVL?RAD51
???DNA???????????????????? 
 
?-?-??EVL???RAD51???DNA?????????? 
? ???63-mer???DNA?32-mer????DNA??????????????EVL
?RAD51??????DNA???????????????Figure 9A??RAD51???
???DNA???????????????????32P???????????32-mer
???DNA???????????63-mer???DNA???????32-mer???DNA
???????Figure 9B???????EVL????????????32-mer???
DNA?????????RAD51?EVL???????EVL????????????
?????????????????????????oligo DNA?????????
????EVL?RAD51???DNA???????????????????? 
 ??
  
 
 
 
 
 
 
 
 ??
  
 
 
 
 
 
 
 
 
 
 ??
?-?-??EVL???RAD51????????? 
? ?????????????????RAD51???DNA????????????
???????DNA?????????????????????????????
???????????RAD51??????????????EVL?????????
????????strand exchange??????????????φX174????DNA
?5,386?????φX174??????DNA?5,386?????DNA????????
?Figure 10A???????DNA??????????RPA????DNA??????
??????????????RAD51??????????????????????
????RPA??????????RAD51???DNA???????????????
?????RPA???DNA???????????RPA?RAD51??????DNA??
?????????????????????????72????RPA???????
????RAD51??????????????????????73??????EVL?
??RAD51????????????RPA???????????????strand 
exchange????????RAD51????????????EVL??????????
????????????Figure 10B-D??RAD51????????????????
?????????EVL????????????????????Figure 10B, lane 7??
???EVL?????????????????????????????4????
????????? 
? ??RAD51?EVL??RPA????????????DNA???? 
? ??RAD51????DNA??????????EVL??RPA???? 
? ??RAD51?RPA????DNA??????????EVL???? 
? ??RAD51?EVL????DNA??????????RPA???? 
 ??
 ??
???????DNA?????????????????????????????
RAD51?EVL??RPA?????????????????DNA??????????
????????????????????????Figure 10E, lanes 2-3??RAD51?
???DNA?EVL??RPA??????????????????RAD51?EVL???
?DNA?????????????????????????????????Figure 
10E, lanes 4-5, 8-9??RPA????DNA?RAD51??EVL?????????????
?????????????????????????Figure 10E, lanes 6-7??????
?????EVL???RAD51??????????????????????????
????EVL?????????????????????????????????
EVL?RAD51????????????????????????????? 
 
?-?-??EVL ?? RAD51B????? RAD51???????? 
? ?-??????????EVL? RAD51B???????????????????
???RAD51B????? EVL??? RAD51??????????????????
???RAD51B??????EVL??? RAD51?????????????????
?????????????Figure 11A, B??????? RAD51B??? RAD51???
????????EVL ??????????????Figure 11A, lane 5??????
RAD51B? RAD51?????? EVL??????????????????? 
 
 
 
 
 ??
  
 
 
 
 
 
 
 
 
 ??
?-??EVL? DNA??????? 
? ???EVL??????????????φX174???? DNA??φX174????
??DNA????????????????????DNA????????????
?????EVL ???????? DNA ????????????????????
?Figure 12A, B?????RAD51B??????EVL? DNA??????ATP???
??????????????????????Figure 12C???????? DNA??
??? DNA ???????? DNA ????????????EVL ??? DNA ??
??????????????????Figure 12D?? 
 
?-??EVL? DNA???????? 
?-?-??EVL??? DNA??????????? 
? DNA????????EVL???DNA????????????????????
????DNA??????????????Figure 13A??49-mer???DNA????
??????????????????32P?????????Figure 13A??DNA??
???????????????EVL???DNA?????????????????
??????Figure 13B, C??EVL????????????????????Ovalbumin
???????????DNA??????????????????Figure 13B, C??
?????????EVL???DNA??????????????????????? 
 
 
 
 
 ??
  
 
 
 
 
 ??
  
 ??
?-?-??RAD51B????? EVL? DNA???????? 
? ????? EVL? DNA????????? RAD51B?????????????
???RAD51B?????DNA????????????????????Figure 13D, 
lanes 1-4??????RAD51B ? EVL ??????DNA ???????????EVL
?????????????????????????????Figure 13D, lanes 5-8??
????RAD51B? EVL???? DNA???????????????????? 
 
?-??EVL???????? 
?-?-??EVL???????? 
? ??????????EVL??????????????????????????
???????????????????EVL??????????????????
?????EVL???????????EVL(1-221)???????EVL(222-418)???
????????EVL??EVH1?????Proline-rich?????EVH2???????
????????????????????Figure 14A??62??????EVL(1-221)?
???????EVL(1-221)???EVL?1?221??????????????????
????? EVH1?????? Proline-rich???????????????
EVL(222-418)????????EVL(222-418)???EVL?222?418?????????
??????????????EVH2??????????????????????
???????EVL(1-221)??EVL(222-418)?Figure 14B, C?????????EVL?
????EVL(1--221)?????EVL(222-418)????????pET15-b???????
??????????????N???His6???????????????????
?????????? 
 ??
  
 
 
 
 ??
????Ni-NTA?????????Hydroxyapatite???????????thrombin 
protease???His6????????????Superdex200?????????MonoS?
?????????EVL??????????????????EVL(1-221)????
EVL?????Hydroxyapatite?????MonoS??????????????????
????????????Figure 14B, lanes 5,8?? 
 
?-?-??EVL? RAD51?? RAD51B??????? 
? ?-?????????????? EVL? RAD51?? RAD51B?????????
??????????????? EVL ?????? RAD51 ?? RAD51B ?????
???????Ni-NTA?????????????????????????????
Hydroxyapatite ?????????? His-tag ???????? EVL ????????
??????????????????EVL(222-418)? RAD51?? RAD51B????
????????????Figure 15A-D??EVL(1-221)? RAD51?? RAD51B????
???????????Figure 15A-D?????????????EVL? EVH1???
??? Proline-rich?????????EVH2???????? RAD51?? RAD51B?
??????????????? 
 
 
 
 
 
 ??
 ??
?-?-??EVL?????? RAD51??? DNA?????????? 
? ?-???????????EVL? RAD51???????????????????
??????????EVL??????RAD51??????????????????
D-loop ??????? RAD51 ??? DNA ?????????????????
EVL(222-418)?????????? EVL ???? D-loop ???????????
?Figure 16, lanes 8-10???????? D-loop??????????? EVL?????
??????????EVL(1-221)????????????? D-loop ???????
????????Figure 16, lanes 11-13?????????EVL(222-418)????? EVH2
??????EVL? RAD51?? DNA?????????????????????
?????? 
 
 
 
 
 ??
?-?-??EVL?????? DNA??????? 
? ???EVL??????DNA???????????DNA?????DNA????
??-??????????????????????????EVL(222-418)???DNA
?????DNA?????????????????????Figure 17A, B, lanes 8-9??
??????????????EVL??????????????EVL(1-221)?DNA
??????????????Figure 17A, B, lanes 5-7??????EVL(222-418)???
???DNA?????DNA????????DNA???????????????
EVL??????DNA?????????????????Figure 17C????????
??EVH2?????EVL?DNA??????????????????? 
 
?-?-??EVL?????? DNA??????????? 
? ?? EVL ??????  DNA ?????????????????????
EVL(222-418)????EVL????DNA????????????????????
???Figure 18, lanes 8-10?????EVL(1-221)??DNA?????????????
???Figure 18, lanes 5-7???????? EVH2????? EVL? DNA??????
????????DNA????????????????????????????? 
 
 
 
 
 
 
 ??
  
 
 
 
 
 ??
  
 
 
 
 
 
 
 
 
 
 ??
???? ???? 
?-??EVL?????????????? 
? EVL?ENA/VASP??????????????????????????????
??????????????????????EVL???????????????
?????????????????? 
? ??EVL?RAD51?DNA????????????????? 
? ??EVL?RAD51??RAD51B??????? 
? ??EVL?RAD51???????DNA???????????????? 
? ??EVL????????DNA????????????DNA????????? 
? ??EVL?DNA???????????? 
???????????EVL??????????????????????????
Figure 19???????????????????EVL??????????EVL?
RAD51??????????????????????????????EVL????
?????????????HeLa???????????????????????
??????????????????????????????74????????
EVL????????????????????????? 
? ??????????????????EVL??????????????????
??RAD51????????RAD52?????????RAD52???RAD51?????
RAD51???DNA??????????????????????????25, 75??
???RAD52?????DNA??????????????????????76???
????EVL?RAD52?????????????????????????????
????????????? 
 ??
  
 
 
 
 
 ??
????????EVL?????????MMC???????????RAD51B??
??????????????????????????????EVL???????
????????????????EVL?????????????RAD52?????
??EVL???????????????????????????????EVL??
?????????????MENA??VASP??????????????????
???????????EVL???????????????????RAD52????
????????????DT40????????????????????????
?????????77??????RAD52??XRCC3???????????????
??????????????????????RAD52??XRCC3????????
?????????????78???????????EVL?XRCC3????RAD52?
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
????? 
? ?????????????????????????????????EVL???
???MCF7?????????????????Figure 5B?????????RPE?
HCT116???????EVL???????????????????????EVL?
???????????????????????????????????????
???????????????????66???????????EVL?RAD51??
?????????????????????????RAD51?RAD51B??????
?????????????????RAD51??????????XRCC2??EVL?
?????????????????????????????79??EVL?????
 ??
??????????????DNA???????????????????EVL??
???????????????????????????????????????
?????????????????MCF7??????????????????EVL
?????????????????????????67???????????EVL
?????????????????????? 
 
?-??EVH2?????????????????? 
? ???????EVL?EVH1?Proline-rich?EVH2????????????????
?????EVL?????????????????????????EVL?????
????????????????????????????? 
? ??EVH2?????RAD51??RAD51B????? 
? ??EVH2?????RAD51???DNA????????? 
? ??EVH2????????????DNA????????????DNA???? 
? ? ? ????? 
? ??EVH2?????DNA????????????? 
????EVH2?????EVL?????????????????????????
??Figure 20????????EVH2???????ENA/VASP???????????
MENA??VASP??????????????????????????????
EVL???????????????????????????????MENA???
????????DNA??????????????DNA????????????
?ATM/ATR?????????????????????????MENA?DNA??
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